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EDITORIAL
Computed  tomography  and  radioprotection:  Knowing
and  acting
Exposure  of  the  population  to  ionizing  radiation  for  medical  purposes  is  increasing
throughout  the  world.  In  the  United  States  of  America,  this  exposure  (3  mSv)  has  reached,
even  exceeded,  exposure  from  natural  sources  [1].  In  France,  the  report  of  the  French  Insti-
tute  for  Radiological  Protection  and  Nuclear  Safety  (IRSN)  [2]  on  exposure  of  the  French
population  to  ionizing  radiation  in  2007,  based  on  the  74.6  million  medical  diagnostic  pro-
cedures,  estimates  the  mean  individual  effective  dose  to  be  1.3  mSv.  This  value  is  much
lower  than  the  value  in  the  United  States  but  has  progressed  in  5  years  by  62.5%.  Com-
puted  tomography  accounts  for  10.1%  of  the  procedures  and  58%  of  the  collective  effective
dose.  This  is  why  computed  tomography  is  receiving  very  special  attention  from  all  those
involved  in  radioprotection.  It  must  be  remembered,  nevertheless,  that  we  are  well  within
the  low  dose  range  (effective  dose  less  than  100  mSv),  and  indeed,  in  the  large  majority
of  CT  examinations  exposure  values  are  lower  than  15  mSv.
The  biological  effects  of  low  doses  are  still  a matter  of  debate.  First  of  all,  it  has  not
been  possible  to  demonstrate  the  risk  of  cancer  due  to  this  level  of  exposure,  neither
on  the  survivors  of  the  atomic  bombs  in  Japan  nor  on  workers  in  the  nuclear  industry  in
the  United  Kingdom.  The  Biological  Effects  of  Ionizing  Radiation  (BEIR)  VII  report  [3]  and
the  International  Commission  for  Radiological  Protection  (ICRP)  accept  the  possibility  of  a
linear  relationship  without  a  threshold,  which  is  very  practical  for  estimating  the  risk  of
cancer  induced  by  low  doses  [4].  This  hypothesis  does  not  have  unanimous  support  however,
because  it  is  not  based  on  scientiﬁc  facts,  as  Tubiana  et  al.  claim  [5],  and  is  why  the  very
many  articles  on  estimating  the  number  of  cancers  induced  by  computed  tomography  have
not  been  convincing.  Brenner  et  al.  [6]  were  the  ﬁrst  to  sound  the  assault,  in  2001,  and
later  Berrington  de  González  et  al.  [7]  calculated  that  in  2007  29,000  new  cancers  could
have  resulted  from  CT  examinations  conducted  in  the  United  States.
The  year  2012  marked  a  change;  for  the  ﬁrst  time,  epidemiology  took  over  from  statis-
tical  studies.  Pearce  et  al.  [8]  published  a  study  concerning  a  cohort  of  nearly  of  180,000
patients  under  22  years  of  age  who  had  undergone  at  least  one  CT  examination  between
1985  and  2002.  The  authors  ﬁrst  of  all  estimated  the  dose  received  by  the  brain  and  the
bone  marrow  during  each  examination.  The  study  then  looked  for  leukaemia  and  brain  can-
cer  in  this  population,  by  analysing  the  United  Kingdom’s  cancer  registries  (between  1985
and  2008),  excluding  any  that  possibly  already  existed  at  the  time  of  the  CT  scan.  They
revealed  a  relationship  between  the  dose  received  by  the  brain  and  the  development  of  a
brain  tumour,  and  between  the  dose  received  by  the  bone  marrow  and  the  development
of  leukaemia.  The  individual  absolute  risk  estimated  by  the  authors  is  of  approximately  1
more  case  of  cancer  (leukaemia  or  brain  tumour)  per  10,000  scans  in  the  10  years  following
the  examination.  There  were  certain  limitations  to  this  study,  in  particular  the  retrospec-
tive  evaluation  of  the  doses  received  by  the  bone  marrow  during  a CT  examination  of
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he  brain,  as  was  emphasized  in  the  note  for  readers  pub-
ished  by  the  IRSN  [9].  Despite  the  low  risk  demonstrated,
eserves  concerning  methodology,  and  waiting  for  further
uropean  epidemiological  studies  underway  (in  France,  the
aediatric  CT  Cohort  coordinated  by  the  IRSN  and  includ-
ng  90,000  children),  we  must  continue  to  act  to  encourage
adiological  protection.
Before  considering  the  action  to  take  and  without
nder-estimating  the  risks,  it  is  important  to  remember
hat  a  computed  tomography  investigation  is  conducted
n  patients,  and  not  in  individuals  in  good  health!  In  a
etrospective  multicentre  study,  Zondervan  et  al.  [10],
ttempted  to  demonstrate  this  by  studying  the  mortality
bserved  in  a  population  of  young  adults  (aged  18  to  35
ears)  who  had  at  least  one  thoracic  or  abdominal  CT  scan
etween  2003  and  2007,  and  comparing  it  with  the  mortality
xpected  from  cancer  related  to  exposure  to  ionizing  radi-
tion.  In  the  patients  who  did  not  have  cancer  but  had  had
ne  or  two  CT  examinations,  the  mortality  observed  and  the
redictive  risk  of  death  from  cancer  induced  by  exposure  to
onizing  radiation  were  respectively  3.6%  versus  0.05%  for
horacic  examinations,  and  1.9%  versus  0.1%  for  abdominal
xaminations.
Acting  to  provide  patients  with  protection  from  radiation
eans  involving  all  those  concerned  with  justifying  it,  with
ubstituting  it,  and  with  optimising  it.
For  some  years  manufacturers  have  been  developing
echnological  innovations  to  reduce  the  dose,  including  con-
rol  of  automatic  exposure,  automatic  selection  of  the  most
uitable  voltage,  appropriate  ﬁlters,  dynamic  collimation
n  the  Z-axis,  iterative  reconstruction,  and  techniques  for
educing  noise.  Other  innovations  are  underway  focusing
articularly  on  detector  technology.  The  objective  is  to  be
ble  to  undertake  CT  investigations  with  an  effective  dose
ower  than  1mSv  [11].
If this  objective  is  achieved  in  the  next  few  years,
rogress  will  be  considerable.  We  need  to  be  able  to  renew
ur  stock  of  scanners  regularly  so  that  our  patients  can  reap
he  beneﬁt.
Clearly  we  are  responsible  each  day  for  justifying  the
rocedures.  To  help  our  colleagues  with  indications  for
maging  procedures,  the  French  Radiology  Society  (Société
ranc¸aise  de  Radiologie) and  the  French  Nuclear  Medicine
ociety  (Société  Franc¸aise  de  Médecine  Nucléaire)  updated
nd  published  the  Guide  to  Good  Usage  of  Medical  Imaging
xaminations  at  the  beginning  of  this  year.
Substitution  by  non-irradiating  procedures  depends  both
n  us  and  on  the  public  authorities.  Backwardness  in  the
ate  of  acquisition  of  MRI  equipment  in  France  compared
ith  other  European  countries  is  not  just  a  recent  occur-
ence,  but  it  must  be  said  that  we  have  still  not  made  up
he  deﬁciency,  waiting  times  for  appointments  are  too  long
nd  we  are  obliged  to  perform  CT  scans  in  place  of  MRI
xaminations!
Optimisation  is  also  essential,  and  in  the  ﬁrst  instance
ill  be  achieved  by  abandoning  the  worship  of  a  pretty  pic-
ure.  We  have  to  set  our  minds  on  the  objective  of  producing
 diagnostic  image  with  the  lowest  dose  possible.  It  is  the
anufacturers’  job  to  supply  machines  with  parameters  that
hey  have  previously  determined  with  pilot  sites,  and  not  be
ontent  just  to  deﬁne  parameters  complying  with  diagnostic
eference  levels  (DRL).Editorial
It is  the  job  of  our  profession  to  promote  the  spread
f  good  practice  guides  and  also  encourage  all  teams  to
mbark  on  optimising  their  protocols.  Diagnostic  and  Inter-
entional  Imaging  is  actively  participating  in  this  objective
y  publishing  in  this  issue  an  update  on  CT  dose  optimisation
nd  reduction  in  osteoarticular  disease  [12]  and  an  original
rticle  entitled  Evaluation  of  the  value  of  abdominopelvic
cquisition  without  contrast  injection  when  performing  a
hole  body  CT  scan  in  a  patient  who  may  have  multiple
rauma  [13].
In the  end,  we  must  all  continue  to  keep  ourselves
nformed  and  take  part  in  assessing  our  practices.  In  France,
he  radiological  protection  of  patients  was  selected  in  the
dministrative  decision  of  26  February  2013  as  one  of  the
opics  in  the  national  courses  for  continuing  professional
evelopment  (CPD).  The  French  Professional  Radiology
ouncil  (Conseil  Professionnel  de  la  Radiologie) has  actively
articipated  in  drawing  up  the  methodology  guide  that
he  French  National  Authority  for  Health  (Haute  Autorité
e  Santé  [HAS]) has  published  entitled  Radioprotection  du
atient  et  analyse  des  pratiques  DPC  et  certiﬁcation  de
tablissements  de  santé  (Radiological  protection  of  the
atient,  analysis  of  CPD  practices  and  certiﬁcation  of  health
stablishments)  [14].
Let’s  act,  now!
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